This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. ABSTRACT A novel allele of the putative soybean raffinose synthase gene, RS2, was discovered in PI200508 that is associated with the low raffinose and stachyose content. Soybean line PI200508 was identified as expressing reduced levels of raffinose and stachyose as well as elevated levels of sucrose. The RS2 mutant gene shows three base pairs InDel with the normal gene. Based on InDel region we developed novel co-dominant and dominant marker. The aim of this study was to develop Korean soybean cultivars, Daewon, Cheongja, and Danmiput, containing low levels of raffinose and stachyose. A specific markers assay for the PI200508 RS2 allele was developed to allow direct selection of the low raffinose and stachyose phenotype. Our findings highlight the efficiency of allele-specific markers in selection, which is evident in the matching genotype and results of the HPLC in the F2 generations of Daewon×PI200508 population.
INTRODUCTION
Soybean (Glycine max L.) is a major crop that is harvested for its protein and oil. The carbohydrate components of soybean meal or seed are composed of three major oligosaccharides: sucrose, raffinose, and stachyose (Openshaw and Hadley 1978) . The respective content of these oligosaccharides in Williams 82 soybean seed generally ranges from 3.51 to 5.05%, 0.85 to 1.13%, and 4.65 to 5.99% (Dierking and Bilyeu 2009; Hymowitz et al. 1972) . Among the three oligosaccharides, only sucrose is nutritionally useful and can be digested by monogastric animals. Raffinose and stachyose are considered nonnutritional units since the absence of α-galactosidase activity in the small and large intestines of monogastric animals and human prevents their digestion (reviewed by Roberfroid and Slavin 2000) . Therefore, to promote the function of oligosaccharides in soybean, it is necessary to reduce raffinose and stachyose content while increasing sucrose content.
Soybean line PI200508 was identified as expressing reduced levels of raffinose and stachyose as well as elevated levels of sucrose (Kerr and Sebastian 2000; Parsons et al. 2000; Hitz et al. 2002) . Neus et al. (2005) reported that the vigor of backcrossed, PI200508-derived, low Raffinose Family Oligosaccharides (RFO) lines is not affected as there are no significant differences in seed quality traits, such as field emergence, seed yield, maturity, height, and fatty acid content, compared to wild-type RFO-derived lines. These characteristics are essential to improve the nutritional quality of soybean meal without affecting the agronomic performance of the improved cultivars.
The key enzyme in raffinose and stachyose bisynthesis is RS2. Dierking and Bilyeu (2008) determined that the molecular genetic basis for the low RFO trait in PI200508 is a variant allele of an RS gene. Skoneczka et al. (2009) performed the sequence cloning and identification of the raffinose synthase mutation 1(rsm1) gene for selection of a low raffinose and stachyose-containing PI200508 type. An RS2 enzyme containing three-bp deletions results in low raffinose and stachyose in soybean line PI200508. Marker-assisted selection (MAS) has many advantages compared to phenotypic selection in breeding programs. Molecular markers can increase the efficiency of plant breeding especially for complex traits (Paterson and Tanksley 1991) .
The objective of this work was to develop Korean soybean cultivars using mutation-specific modification markers for RS2 and evaluate its function in relation to the low raffinose and stachyose phenotype of soybean line PI200508 (Skoneczka et al. 2009 ). In addition, these modification markers using to F2 population select easily low raffinose and stachyose type, heterozygous type, and normal type.
MATERIALS AND METHODS

Plant materials and Molecular analysis
Three popular soybean cultivars that are widely grown in Korea such as Daewon, Cheongja, and Danmiput were used in this study. The low raffinose and stachyose line PI200508 was used as the donor parent. Three F2 populations derived from the crosses Daewon×PI200508, Cheongja× PI200508, and Danmiput×PI200508 were developed and 150 plants from each were used for the subsequent analyses. To design an RS2-allele specific marker, the three-bp deletions (GenBank accession No. EU651888) information were introduced into the InDel-specific primer sequence (Skoneczka et al. 2009 ). The single nucleotide polymorphism (SNP) and insertion and deletion (InDel) primer sequences are shown in Fig. 1a (Jeong et al. 2004; Rafalski 2002; Yang et al. 2010) . The expected product sizes were 252 for SNP and 131/134 bp for InDel (Fig. 1B and C) .
Marker and HPLC analysis
Young trifoliate leaves of field-grown plants were used for DNA extraction. DNA from parental lines along with each F2 individual was isolated according to the protocol described by Saghai Maroof et al. (1984) . To analyze markers, primers were designed using the web-based Primer3 platform (Rozen and Skaletskyv 2000) . A typical PCR reaction for SNP and InDel assay includes denaturation at 94℃ for 5 min, followed by 25 or 34 cycles at 94℃ for 30 sec, 65℃ or 52℃ for 30 sec, 72℃ for 30 sec, and a final extension at 72℃ for 7 min. SNP product analysis was carried out by fragment size analysis on 1.2% agarose gel electrophoresis. PCR products for InDel were resolved on 6% polyacrylamide gel and visualized using a silver staining kit as described by the manufacturer (Promega, USA). The F2 seed used for determination of oligosaccharide content were simultaneously assayed for the presence of the allele, and for this, 28 F2 plants in Daewon × PI200508 population were used. Soybean oligosaccharide content were analyzed using the High-Performance Liquid Chromatography (HPLC) method (Cicek et al. 2006; Skoneczka et al. 2009 ).
RESULTS
Allele-specific functional markers effectively select low raffinose and stachyose soybean cultivar
The GenBank database search provides information on an annotated RS2 gene (GenBank accession EU651888) from Glycine max. Comparison of the RS2 sequences between Williams 82 and PI200508 revealed a three-bp deletion from position 2,176 to 2,178 in the predicted coding sequence (Skoneczka et al. 2009 ). PI200508 lacked the TGG codon (Trp) in its RS2 sequence. Since a three-bp difference can be readily observed via PCR fragmentlength analysis, InDel and SNP were exploited to design a gene/mutation-specific marker for screening purposes. The sequence polymorphism between PI200508 and Korean soybean cultivars (Daewon, Cheongja, and Danmiput) RS2 alleles was used to develop modification molecular marker assays specific to the PI200508 version of the RS2 allele (Fig. 1) . Further, Daewon+PI200508 (DNA mixture), Cheongja+PI200508 (DNA mixture), and Danmi+PI200508 (DNA mixture) were used to select a heteroduplex type to be used as template mixture DNA for PCR (Fig. 1C) (Jung et al. 2014) . The InDel marker was used for easy identification of a heterozygous type in the populations (Fig. 2) .
Segregation ratio of three populations
To improve the selection efficiency of PI200508, RS2 allele-specifc molecular markers were used to genotype the F2 plants of Daewon×PI200508, Cheongja×PI200508, and Danmiput×PI200508 segregating populations (Table 1) . The data for RS2 from F2 plants revealed a 1:2:1 ratio for wild-type alleles: heterozygous: PI200508 alleles, which was expected for a segregating F2 population. The three populations derived from the crosses of PI200508 with Daewon, Cheongja, and Danmiput exhibited bimodal distribution of a recessive trait whose genetic variance is under the control of a single gene, which allows easy separation of wild-type and low stachyose individuals ( Table 1 ). The distribution of SNP markers in these populations closely followed a 3:1 segregation ratio, which matches the expected segregation ratio for a single recessive gene in F2 populations. In addition, the InDel marker distribution seen in these populations closely fit a 1:2:1 segregation ratio, which matches the expected segregation.
Consistency of genotype and phenotype
In the Daewon×PI200508 population, the 28 individuals of 150 recombination inbred lines (RILs) selected through genotyping were confirmed to have the oligosaccharide phenotype by HPLC. This population was confirmed to consist three phenotypic classes: Daewon phenotype, PI200508 phenotype, and an intermediate phenotype (Table 2 and Fig. 3) . The results show that the molecular and genetic basis for the low raffinose and stachyose phenotype of PI200508 was due to a variant allele of the RS2 gene.
Inheritance of the Daewon RS2 alleles was sufficient to produce the Daewon oligosaccharide phenotype; whereas, inheritance of the PI200508 RS2 alleles was sufficient to produce the PI200508 oligosaccharide phenotype.
DISCUSSION
Oligosaccharides are very important nutritional components of soybean seeds, which include sucrose, raffinose, and stachyose. Of these three, sucrose is the only nutritionally useful. PI200508 was identified as a putative allele of raffinose synthase gene (RS2) in soybean that is associated with the low raffinose and stachyose phenotype. Hitz et al. (2002) studied the initial characterization of PI200508 and found that seeds of PI200508, in addition to greatly reduced levels of RFOs, have 25-fold lesser raffinose synthase enzyme activity as well as elevated levels of sucrose. The key step in raffinose and stachyose biosynthesis is most likely the enzyme RS2.
The soybean line PI200508 contains a three-bp deletion in the RS2 gene that lowers the raffinose and stachyose content (Skoneczka et al. 2009 ). Due to the ancestral soybean genome having undergone multiple, full genome duplications (Shoemaker et al. 2006) , the existence of multiple RS genes is likely. Line PI200508 contained a three-bp deletion in its RS2 gene. Sequencing of the RS2 gene from both normal cultivars as well as PI200508 revealed the polymorphisms resulting in changes of amino acid sequence. These marker assays are "breeder friendly" and allow discrimination of the PI200508 allele from the RS2 alleles of other cultivars. The RS2 sequence locus is located in chromosome 6 (linkage group C2) of soybean. Tissue-specific gene expression is a characteristic of a specific subset of duplicated soybean genes (Chappell et al. 2006) . Effects of P1200508 allele to sucrose, raffinose, and stachylose levels in the recipient parent Korean soybean cultivars, were confirmed through the use of allele-specific molecular markers. Since PI200508 is an important source of low RFO, it can be utilized to improve the nutritional quality of soybean meal in Korea. Molecular marker assay of the Daewon×PI200508 segregating population demonstrated the association of RS2 genotype and the oligosaccharide phenotype assayed through HPLC (Table 2 and Fig. 3) . Using this population, matching of genotype and seed oligosaccharide phenotype was demonstrated. In summary, since the low raffinose and stachyose trait of PI200508 segregates according to a Mendelian in a dominant/recessive single gene pattern (Kerr and Sebastian 2000; Neus et al. 2005) , PI200508 was crossed with three Korean soybean cultivars, Daewon, Cheongja, and Danmiput, containing normal raffinose and stachyose. Based on the findings with F2 progenies, breeding and selection for low raffinose-type can be done efficiently using allele-specific functional molecular marker.
